Introduction
Skin is a complex tissue and the first extensive interface between the animal and its external environment. In fishes, skin has a major role from the view of adaptation to the environment. In addition to physical protection, it helps to maintain the osmotic balance, accommodates hydrodynamics, and has sensory receptors and can takes part in respiration by the exchange of oxygen and carbon dioxide through the numerous blood vessels near the skin surface. Because it aids to skeletal support, in swimming mechanics has basic role and muscle force transmit down the body through the skin.
1 It differs from the skin of other vertebrates for the living surface cells which are in direct contact with the aqueous environment and presence a mucous layer instead of keratin. 2 The mucus coat maintains the water balance, and enzymes and antibodies which protects fish from infectious of bacteria. In several species, the skin also protect through control of coloration by expansion and contraction of the chromatophores. The structure of fish skin has interested researchers for a long time. It is composed of three compartments: epidermis, dermis and hypodermis. Fish epidermis can be subdivided into surface, intermediate and basal layers. In contrast to terrestrial vertebrates which epidermis is covered by a layer of dead and keratinized cells, in fish it comprises from living cells exception specified sites that are subjected to abrasion such as lips and pads and the epidermal surface of some species capable of emerging from the water. 3 The surface epidermal cells are as a single cell layer through its microfilament can protects the animal against different shocks. It is not renewed periodically, but when dead it can replace.
The intermediate layer is composed of various types of cells, the unicellular glands such as mucous goblet cells and club cells that produce alarm substances, epidermal ionocytes in some species are ion transporters and maintain the homeostasis of body fluids, sensory buds and the most dominant undifferentiated cells that when necessary can divide rapidly and serve as a reservoir for dead cells. The basal layer cells are as a single cell layer which keeps the epidermis to the basement membrane by means of hemidesmosomes. However other functions such as production of the early collagen stroma, interaction with the underlying mesenchymal cells for development of the dermal skeleton also imputation to basal layer in developmental stages. Variation in cell composition and in thickness of epidermis that usually concern to intermediate layer is related to the ecological adaptations of the species.
2,3
The dermis divided into superficial region (stratum laxum) and the deep region (stratum compactum). Stratum laxum is composed of a loose connective tissue and the stratum compactum is a dense collagen plywood-like tissue with fibrocytes that in some places the vertical bundles of collagen fibers from this penetrated between muscles. So collagen organization is to strengthen the skin against tensile forces. The lamellar form of stratum compactum can causes the transparency of tissue. 4 Under the collagenous fibers, the chromatophores are located and therefore the transparency can be important for the function of these cells. The thick dermis of naked fishes is interest to the leather industry. The hypoderm separates the derm from the muscle fibers and is composed of a space containing of loose connective tissue and chromatophores, the fibrocyte like cells bordered the hypoderm on both sides and named dermal endothelium.
5
The sturgeon, Huso huso is one of the most valuable species of Acipenseridea that widely distributed in the southern basin of the Caspian Sea and as other sturgeon, this species also has diminished and is in danger of extinction. 6 This species is used for commercial food products such as caviar and smoked sturgeon meat. Sturgeon skin has special morphological, histological and physiological characteristics such as a beautiful appearance and a well balanced thickness and flexibility, makes it suitable for production of high quality leather and related products as clothing, shoes and handbags. 7, 8 Sturgeon production is considered as a business with great economic potential. This production can often accompany by the risk of infection and knowledge about skin development as a protective barrier against aquatic environment, can reduce the risk of diseases in aquaculture. The present study will help to understand the process of skin development and also to diagnose and treat fish skin diseases.
Materials and Methods
Five Huso huso larvae from each of 1 (dph), 3 (dph), 7 (dph), 10 (dph), 15 (dph), 20 (dph), 25 (dph), 30 (dph) and 40 (dph) were obtained from Shahid Marjani propagation center in Gorgan. The larvae were kept in fiberglass tanks to 21 (dph) and then, they were transfered to pond until the age of 45 days. The speciemens were fixed in 10% neutral buffered formaldehyde and transferred to laboratory, dehydrated in graded ethanol, cleared in xylene and embedded in paraffin, cut into 6μm thick sections. Then mounted on glass slides and stained with Haematoxylin-eosin (H&E) for general studies, Masson's Trichrome (M.T) for collagen, PAS and Alcian blue (AB) for mucous substances. Then they were studied using light microscopy.
Results
In the first day after hatching (1dph), the epidermis of Huso huso consisted of two cell layers, the surface layer and the basal layer. They were cuboidal and columnar cells with not reaction to PAS and AB, although a mucous layer was observed on the surface of epithelium. There was a very thin collagenous layer observed by M.T staining, but the main tissue constitute the dermis was mesenchyme (►Figs. 1 and 2). It must be noticed that from the first day, the thickness of epiderm varied depending on the body region. At 3 (dph), the skin had no change compared with 1 dph (►Fig. 3). At (7dph), in some parts of head a third to fourth row was formed and the epidermis had thickened. Sensory buds began to form on the epidermis of the head. An obvious collagen layer named as primary dermal stroma with a few chromatophore was observed and in some regions, it was lined by squamous cells, called dermal endothelial cells (►Figs. 4 and 5).
At 10 (dph) and 15 (dph) the epidermis composed of 2-4 row of epithelial cells with large circular or elongated cells and few reaction to PAS and AB staining. At 15dph an increase in large and light circular or elongated cells that some of them had positive reaction to PAS and AB staninig. The sensory buds were obvious and formed only on the head epidermis. The primary dermal stroma was thickened and it was shown chromatophores at the deep of derm. The skin was separated from the muscle fibers by a distance and the deep and surface of the primary stroma was lined by dermal endothelial cells (►Figs. 6-9). At (20 dph), there were remarkable changes in the feature and organization of skin. The epidermis was composed of three cell layer. The superficial squamous to cuboidal cell layer, intermediate flat and large circular to elongated cell layer and the basal cuboidal cell layer. The collagen fibers of derm had changed their orientation from an irregularly to parallel fibrils covered by endothelial cells. Adjacent dermal endothelial, the deep surface of the dermis was lined by chromatophores. In some areas that muscle fibers had been formed, the dermal stroma penetrated by vertical bundles of collagen fibers into muscles. These bundles were also lined by dermal endothelial cells (►Fig. 10). At 25-40 (dph), remarkable changes in skin thickness was observed. The epidermis of certain regions of the head were thickest, composed up to 10 row and in different parts of trunk it was up to 4 row that as in previous stage they were organized in three layers. The superficial cells were squamous to cuboidal, located on the surface of the epithelium and its outer surface seemed to have microridge. The epithelium of intermediate layer composed from two morphologically distinct cell types, the flat cells with condensed chromatin spread throughout the epithelium and the large elongated or circular cells were arranged in two rows in some areas with thick epidermis. This was a common feature for club cells, ionocytes and mucous cells, by light microscopy they were easily identified with their reaction to PAS and AB staining. Mucous cells were characterized by their containing filled with PAS positive secretion, distributed in the middle and superficial layers and open onto the surface, the ionocyes also have free surface and no reaction to PAS but most club cells were covered by the superficial layer. The sensory buds in Huso huso were observed in the head, lip, bronchial and fascial skin as fusiform pale staining structures containing tall columnar cells with oval nuclei. The basal part of the epidermis was a single cell layer of cuboidal cells. From 25 (dph) Most changes were obvious at derm of trunk. The collagen fibers were organized to layers called lamellae, so at 40 (dph) in certain areas of trunk the lamellae had increased to 10-12 layers. Other feature of derm from 25 (dph) was the change from a cellular to cellular dermis and primary derm changed into a secondary derm called stratum campactum. From 40 (dph) up of derm in trunk regional so showed a thin cellular layer with a few pigment cells considered as stratum spongiosum. It must be mentioned, at the deep surface of stratum compactum also pigment cells were visible and this region considered as hypodermis (►Fig. 11). This layer was situated between stratum compactum and muscle. It shows some empty spaces and the collagen fibers from derm pass through this layer and penetrate deep between muscle bundles as thick connective tissue septa or myosepta (►Fig. 12).
Discussion
The integument is the first barrier and the outer protective that separates the fish from aquatic environment. There are many descriptions on fish skin and also a few data about the embryonic and larval stages. The aim of this study was to get information about differentiation of epidermis and derm of skin development in Huso huso that is a valuable species of Acipenseridae.
Epidermis Development
At 1(dph) the epidermis of Huso huso larvae consisted of two cell layers. Some studies showed these layers were formed at different stages, the surface epithelium during the blastula and the inner layer or epidermal basal layer at gastrula period. 9 The surface layer functions like periderm in mammalian embryo protect the embryo and their cells that arise at mid-blastula, is the first specified cell type, all of the genes affected this development are related to epiboly process. 10 The basal layer contains both differentiated and undifferentiated cells. Regulation of epidermal basal layer development is regulated by bone morphogenetic protein during gastrulation.
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In Huso huso the third row of epidermis and sensory buds were formed from 7 (dph) in head epidermis, this is consistent with previous research on Acipenser percicus that the sensory buds were formed from the end of week 1.
12 The large circular and elongated cells without positive reaction to carbohydrate staining were present from 10 (dph), these cells could be club cells and ionocyte that in the later stages were increased. Those cells that were covered by surface cells named club cells and those with free surface area and no reaction to PAS named to ionocytes. The first mucous cells with positive reaction to PAS and AB only seemed to apear from 15 (dph), and they could be diagnosed from club cells and ionocytes. In Acipenser percicus also from week-2 the mucous cells could be distinguished from club cells. 12 It can be supposed that from the first stages of development, the mucous layer on epidermis was secreted by the undifferentiated epithelial cells to protect the larvae from microorganism infection. The epidermis with three layers was obvious from 20 (dph). The 25 (dph) -40 (dph) stages were associated with increasing in cell rows and thickness of epidermis especially in head. At 40 (dph) the skin was evolved and had the adult feature. The epidermis of Huso huso as many other species composed of non keratinized stratified epithelium, Keratinization of fish skin is uncommon, except some species such as the head of Solea senegalensis. 13, 14 The function of keratin is in part compensated by mucous secretion. 15 In this study, the apparent changes in epithelial thickness were observed from 2 to 10 rows. According to previous findings, epidermal thickness differ based on species, age and body region. 16 The thickness of head epidermis was greater than trunk, because it can serve as a protection against physical injury and mechanical stress. The stratified epithelium consisted of three layers, it is similar to the findings in other species such as loach (Iksookimia Koreensis), 17 Senegal sole,
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Torrent catfish (Libagrusmedia diposalis) 18 and eel goby (Odontamblyopus lacepedii). 19 The intermediate layer was composed of various cells with similar appearance between some of them, 
Dermis Development
In Huso huso, the presence of the first collagenous fibrils were from 1 (dph). During the first week of development, the primary dermal stroma fills the subepidermal space and the fibrils distributed throughout the thickness irregularly. Between 10-20 days of development, an organization of derm to regular parallel fibrils happened and these events were occurred in a space without cells (fibroblast). Starting from 25 (dph) the primary derm organized to layers called lamellae and it was invaded by fibroblasts. These modifications lead us to consider the collagenous derm as secondary dermal stroma or stratum compactum. From the first days of dermis development, some like mesenchymal cells look like fibroblast were found to differentiate to dermal endothelial cells delimits the deep dermal region. In zebrafish (Daniorerio), also at hatching, a primary dermal with different thickness according to body region is perceived, in 5 (dph) the primary derm forms a regular layer and to 10 (dph) the collagen fibrils organized up to three layers or lamellae. During the following days the number of lamellae are added (Dominique et al., 2004) .
According to previous studies on zebrafish, during the early stages of evolution the dermis, cytoplasm of basal layer cells show features revealing active protein synthesis and they can involve in collagen production but with presence the fibroblast in dermal stroma, interaction between epidermis and derm is effective in collagen synthesis and although from one stage to later the epidermal basal cells with contribution the dermal endothelial cells and fibroblasts ceases collagen deposition (Dominique et al., 2004) . From the 3 (dph) the chromatophores appeared in the deep of derm, then gradually with more development more cells expanded throughout the hypoderm of head and trunk and also in stratum spongiosum of trunk. The stratum spongiosum only is obvious in trunk but not a conspicuous layer observe in head region, the part of derm lying immediately below the epidermis composed of loose connective tissue and assumed as Stratum spongiosum. A few chromatophore cells are discernible in this region of derm in trunk. The thick dermis of Huso huso causes utilization of skin in leather industry.
Conclusion
This study aimed to describe the morphogenesis of the skin by light microscopy in one species of sturgeon. It allows us to find the organization and composition of skin. Some findings are agreement with other species, although there are differences from the view of timing. Further analysis are necessary to differences between morphology and the imunohistochemical and also electron microscopy for more precise characterization of skin in Huso huso.
